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The biological activity of herbicides (2,4-D and urea-ty^xkrimentaj herbicide) and 
fungicides (phthalide and amide-type experimental fungicide, etc) was examined in the 
presence or absence of humcctam (glycerine or sodium lactate). Depending on the concen- 
tration or the type of humectant incorporated, the pesticides showed different activities. The 
effect of humectants on pesticide uptake through plant leaf surfaces is discussed in relati n 
to the moisture enhancement and water solubility changes of pesticides by incorporating the 
humectants. 

I. INTRODUCTION 

Pesticide uptake through plant leaf surfaces has been a great concern for formulation 
scientists* 8 Studies on the mechanism of pesticide penetration through plant cuticle have 
been reviewed in the literature. 2 In those studies, Fick's first law is commonly used for 
analysis of the mechanism. According to Fick's fiist law, the concentration of a solute in 
water outside the cuticuiar membrane is the driving force for the transcuttcular movement. 

Figure 1 shows the schematic procedure of pesticide uptake through plant leaf surfaces. 
Pesticides repeat drying and wetting effect on the leaf surface after being sprayed. Then! 
precipitation and dissolution of the pesticide in the retained water takes place. The dissolved 
pan of the pesticide must be used for the successive penetration pathway, Therefore, the 
function of water retained on the leaf surface is thought to be very important for pesticide 
uptake. 

There have been many reports on pesticide uptake in relation to relative humidity using 
labeled compounds. 4 - 5 Humectants have also been examined for uptake studies of pesticides 1 - 9 
or fertilizers. 7 10 However, actual moisture retained in the formulated pesticide has not been 
precisely examined yet, and the incorporation of humectants sometimes had negative effects 
on the uptake. 

In this chapter, we will discuss (1) the extent to which pesticide activity depends on the 
retained water (equilibrium moisture), (2) the extent fo which humectants enhance the 
retention of moisture in the pesticides dried after spraying, (3) how actual pesdcidal activity 
may be affected by the incorporation of humectants, and (4) what other side effects will 
appear by the incorporation of humectants. 

II. MATERIALS AND METHODS 

A. PESTICIDES 

For herbicidal activity tests, 2,4-D [(2,4-dichlorophenoxy)acetic"acid] and urea-type 
experimental herbicide (urea herbicide) were used. The 2,4-D formulation was a 90% soluble 
powder (SP) which is commercially available (Nissan Chemical Ind.. Ltd.), The urea her- 
bicide was formulated in our laboratory into 50%*wettabJe powder (WP) t 25% suspension 
concentrate (SQ and 4% dust (D). The particle size of the active ingredient in WP, SC. 
and D was 2.7, 3.1, and 2,8 itm, respectively. 

For the fungicidal activity test, the following commercial fungicides and amide-type 
experimental fungicide(amide fungicide) effective against rice sheath blight were used: pen- 
cycuron 25% WP (Kumiai Chemical Ind, Co., Ltd ): rice sheath blight; fhitolanil 25% WP 
(Nissan Chemical Ind.. Ltd.): rice sheath blight; and phthalide 20% WP (formulated in our 
laboratory): rice blast. 




Translecaxien 
FIGURE I. Schematic representation of pesticide uptake through plant leaf surfaces. 

B. HUMECT ANTS 

Humectants used for the experiments were glycerine, ethylene glycol, propylene riycol 
sodium lactate, polyethylene glycol (mw 400, Toho Chemical Ind. Co., Ltd.). polyvinyl 

r^lSS^i^' ^ PP ™ G ° hSelChemlCa,lnd - Ltd.). and sodium polyac'rylat 
(AQUAKEEP I0SH, Seitetsu Chemical lad., Ltd.). 

C. HERBICIDAL ACTIVITY TESTS 

1. Effect of Humidity 

Three urea herbicide formulations (WP, SC, and D) were used for the herbicidal activiry 
test. Each test solution was sprayed on the leaf surface of common cocklebur (Xamhium 
strumarium L.) (2-leaf stage) and velvetleaf (Abutilon iheophraui. Medicus) (3-Icaf stage) 
at doses from 0.19 to 4.0 kg a.i./ha. Treated plants were separately kept for 3 h in the 
different growth chambers where the humidity was controlled at 20 and 90% RH respec- 
tively. Leaves of the plants were then washed with sufficient water to remove the re'mainine 
herbicide on the leaf surface. The test plants were finally moved to the greenhouse and the 
herbicidal activity was measured 3 weeks after treatment. 

2. Effect of Humectants 

The urea herbicides WP and 2,4-D were used for this experiment. Each herbicide spray 
so uuon was applied on the leaf surface of X. strumarium (three-leaf stage) at dosages of 

0. 125 to 2.0 kg of active ingredient (a.i.) per hectare, with or without humectani (glycerine 
or sodium lactate) in the spray solution. The amount of humectani added to the spray solution 
was O.S or five times that of each herbicide formulation. The sprayed plants were air dried 
and then kept in a growth chamber at 70% RH. HerbicidaJ activity was measured 3 weeks 
after treatment. 

D. FUNGICICAL ACTIVITY TESTS 

1. Effect of Humidity 

The amide fungicides pencycuron and flutolanil were used for this experiment Each 
test solution was sprayed on rice (Oriza sativa L.) plant leaves at doses of 20, 40 and 80 c 
a.i./lOA (area unit of a standard Japanese paddy field). The rice plants were separately kept 
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2. Effect of Humectants 

chamber at >90% RH. The surfaces of the rice leJ^S^^Ji*.^ STS 
cotton to remove the remaining fungicide on the leaves. InocuTaSn w« SSSTSf £ 



B. MOISTURE ANALYSIS 

1. Equilibrium Moisture in the Pesticide Dried after Spraying 

Three formulations of urea herbicide (WP, SC, and D) were used for this exoerimenr 
Each spray solution was dried in an open petri dish for 6 h at 60% RH and 20? Se 
motscure content of the residual solid was measured with a Karl 

2. Effect of Hunectants on the Equilibrium Moisture 

soiuS 07^^^^ experimencs. The spray 

dish was kept at 20'C in a ciSnber whtre humS £2 conned* A^4sTJ^^ 

S^^TSS? F t het m0i8ture ^- "inland tou„ oSSS 

as well as the hunuchty of the chamber were changed throughout the series of experimS 

F. WATER SOLUBILITY ANALYSIS 

teibicite in the filo,„ „„ „«J,£S bUnE? -ST' ™ ec< ™ c " m "°°<>f»=iecl 1 »i«I 

JL'SEJjssrsr of " i "" mc " , " s ' 

HI. RESULTS AND DISCUSSION 

*' SS5d^ MOK ™ ,e on b k>">g'cal Acnviry of 
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wS^W. ^ «^ MHl ^ fcimuhifcM, VP «: dust(D). wcuble powder 
(WP), M d iuspenfon cone en «raw (SQ ; hcrbicidat aciivSq,: m W value of ^ aBainsl TO0 ^7 

leaf W^ U c S !L the abOVC T "P 61 *™ 5 "* c '^y s «Sgest that the moisture level on the 
lear surface is very important for pesticide uptake by the plant. 

B. EQUILIBRIUM MOISTURE OP SPRAYED PESTICIDES 

Figure 3 also indicates the differences in activity among the three formulations at both 
humiduy conditions. The dust formation showed especial!? low aJ^TtoS&S 

in acuvuy must be due to other reasons 
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FIGURE 4. equilibrium moiiiure concern of .he three formulations of <he uro. herticidc when the 
*ray rmx.ure w M dned a, 60% RH and 20'C. Moisture comem moment: Karl Fi S ^m 0 |L^«r 
fonru.at.on type* dus, (D ), wcuab|e p0wdcr (WP)t ^ concentn^O ' 




FIGURE 5. Effect of htimecianu on ,he equilibrium moisture of the urea herbicide WP formubrion when the 
spray mixture wws dried at 90% RH ond 20°C lro " wnen ln0 



C. EFFECT OF HUMECTANTS ON THE EQUILIBRIUM MOISTURE 

It was suggested in the previous examples that moisture is very important for pesticide 

of pesticides (humectants) were screened. «-wn«n 

^1^1??™ ° f J Vari0US humoctanls ° n equilibrium moisture of the urea 

herbic.de (WP formulate) dned under 90% RH when the amount of each humcctam addS 



267 




CONTKNT 01' IIUMKCTANT 
{aaounl «l' |>lyi:i>rtnc (n?r ll)U«g Wl") 

FIGURE 6. Relationship beiween the amount of humeciant added io the spray mixture and the 
equilibrium moisture of ihe urea herbicide WP formulaiion afisr <f/ying at 90% RH and 20"C. 

was half the weight of the WP in the spray solution. Most humectants showed a remarkable 
enhancement of the equilibrium moisture of the WP. Among these humectants, polyols such 
as glycerine or ethylene glycol, sodium lactate, and polyacrylate were found to have hieh 
moisture-enhancing potency. 

Next, the relationship between the amount of humectant added in the spray solution and 
the equilibrium moisture content in the pesticide was examined using glycerine as a hu- 
mectant. The result is shown in Figure 6, where we note that the equilibrium moisture 
increases linearly in proportion to the amount of glycerine. 

The equilibrium moisture content of the pesticide was further examined by changing 
the humidity in the presence or absence of humectanis in the spray solution. As shown in 
Figure 7, incorporation of glycerine into the solution greatly enhances the equilibrium 
moisture, especially at high humidity conditions. 

D. EFFECT OF HUMECT ANTS ON THE BIOLOGICAL ACTIVITY OF 
PESTICIDES 

In the previous examples, it was found that humectants have remarkable moisture- 
enhancing potency. Therefore, their effect on actual biological activity was examined 

Figure 8 shows the fungicidal activity of phthalide against rice blast in the presence or 
absence of humectants in the spray solution. It was found that both glycerine and sodium 
lactate increase the activity of phthalide. particularly at lower dosages of the fungicide 
~> ^ I* effeCt ° f humeclants on herbicidal activity was examined for the urea herbicide and 
2,4-D using glycerine and sodium lactate as humectants (Figure 9). In the case of glycerine 
both herbicides showed higher activity compared with the case of no humectant On the 
other hand, sodium lactate showed almost the same, or rather low. activity compared with 
the no-humect&nt case. 
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FIGURE 7, Refaiionship between the humidity and the equilibrium moisium of the urea hertiefde 
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T^e above results with sodium lactate in .he herbicidal activity test is inconsistent with 
the moisture-enhan^ng potency of this humectant (Figure 5). Therefore, ^ i™ ration 
of this humectant must result in some factor against activity. incorporation 
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FICL'RE 9. Effeci of humectants on the herticidal activity of the ur« heAickfe 
xanihuim trrumaritim L. 



and 2.4-D agnirui 



E. OTHER EFFECTS OF HUMECT ANTS 

h B *l°j nV * 5ti f "L the CaUSC ° f thC Sb0Ve ««"«w«««y . Ae solubility change of the previous 
"t 'in £ SSr* *" — d b > - concentLonTf 

In the case of glycerine, the solubility of each herbicide keeps almost the same value 

EJS-f" 0 T n S ° ,Ub,,Uy WhUe Ae hUmeClam ""^ntration increases, although the j£ 
herb.c.de gradually tncreases its solubility at high bumectant concentrations (Figlre 10) 

» ^ °* er u h u and ' sodium ,actate ^atly lowers the solubility of both herbicides 
E?2? y a ^' S . , UTn !f tent '? ncentrations - P^'icide solution will gWaHy' 

lose water on the leaf surface after spraying. When a humectam is contained in the SSrton 
its concentration wd. increase in proportion to the water loss of the sprayed solution 

in theT- «f IT' ? rM| ° n •' k iS th ° Ughl ,hat ° ne 0f reasons for ,ow herticidal activity 
in the case of sodium lactate incorporation must be its negative side effect on the solubil tv 
of pesticides in the sprayed solution. solubility 

There could be some other unknown factors caused by the incorporation of humectants 
bv the i^-K b - 0,OE,Cal rcSP ° nSeS WhiCh h8Ve been Shown so f " «t be expla^d oi 
£^?jf^. m ^° r ^ peS,iCidC S ° ,ubility Ch3nge - ^example, there.aSnS 
between biological activity and the amount of humectant is still unclear Therefore, further 
investigation of pesncide uptake in the presence of humectants is necessary 
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FIGURE 10. Solubility change of (he urea herbicide and 2,4-D in the humcaani-warer sofyiion GL 
glycerine; SL, sodium lactate. " ' 

rv. CONCLUSIONS 

1 . The biological activity of pesticides depends on moisture. 

2. Equilibrium moisture retained in the pesticides dried after spraying is affected by the 
type of formulation. 

3. Humectants enhance the retained moisture in pesticides. 

4. The solubility of pesticides in the sprayed solution is sometimes affected by the 
incorporation of humectants. 

Moisture enhancement and solubility change by humectants are both important factors 
for the biological activity (uptake) of pesticides in using humectants as spray adjuvants. 



REFERENCES 

1 ' ^ W \ A '^' T * ftM i Dm,csm ' H J- *M*Wk» of bn,cken fronds by . m fu»| 0 as influenced hy pre- 

spraying condmons. surfactant* and other additive*, Weed Res., 15, |23 1975 
2. Baker, E. A. and Hunt, G. M M Pacion* altering foliar pene'Jation ^ wmslocoiion. in Pesticide Far. 



BNSDOCID: <XP 1022459A I > 



271 



3 USE.!- 5KL?i£ w,,w ^ rf *« cutic, » ; • ««— 

6. Kjrfcwood, R. C, Uptake and movewem of herbicides from plan, , u rf a ces and effects of formation and 
? ' i^lnli IL^'T'/- F " Comparison of urca *»"« H«J» eonntato, Mncubon of .iUcone 

Zc Hoi !^."SS? 1ST m nins 018 lMf nitrOGoi co ~ ion of pn,M '■ 

9. ObuJI, K.. Effect of surfactants on the foli^absorpuon of maleic hydride. J. Prsric. Sci.. II. 387. 



